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(54) Machine dishwashing tablets containing an oxygen bleach system 

(57) A solid detergent composition useful for 
machine dishwashing is described. The product con- 
tains a first layer having an oxygen bleach system, a 
buffering system, a builder, and an enzyme. The first 
layer dissolves to deliver a pH of 8.5 to 1 1 in the wash 
water. A second layer includes an effective amount of an 
acidity agent and a continuous medium having a melt- 
ing point in the range of from 35°C to 50°C. The material 
may be a paraffin wax, a natural wax, a polyvinyl ether, 
fatty acids and mixtures thereof. The second layer dis- 
solves in wash water to deliver a pH of from 6.5 to 9. 
The release order of the functional ingredients allows for 
a high level of peracid species generation in the initial 
wash stages followed by optimum bleaching throughout 
the wash. 
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Description 

Field of the invention 



gen °^S^ W ^^ — fo ™ »™** • *- *~ containing an oxy- 

tainino an JJ, source ^'t^^^J 

excellent overall cleaning performance including glass appearance. fUnM * y ° f ,he act,ve '"Brents and provide 
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pentahydrate and/or nanohydrate comprising of 8-12% of the total granulate mix are included. 

Thus, in terms of optimizing the performance of machine dishwashing tablets, the prior art primarily deals with tra- 
ditional high pH formulations systems and suggested routes to improving the performance of tablets rely on modifying 
solubility profiles in a fairly coarse manner. 

5 Regarding inclusion of acidity to enhance anti-scaling benefits, it is known that an acid source can be used in 

machine dishwashing compositions to remove scale which results from the use of hard water. For example, vinegar is 
utilized to remove hardness scale and many current dishwashing machine cleaning products use an acid source to 
remove scale buildup. Many rinse aids for dishwashing also contain citric acid. 

The use of a detergent composition with a pH of less than 9.5 for enhanced filming performance is disclosed in WO- 

io 95/12653, However, these systems do not deliver the benefits of higher pH washing along with the benefits of low pH 
for good filming. At the pH where filming is perceivably diminished in the wash, poor performance is obtained from both 
protease and many bleach systems. WO-95/12654 deals with a similar system with a limitation on the ratio of calcium 
complexing component to carbonate source of at least 0.8. However, the problem of achieving good anti-scaling bene- 
fits, which are optimum at low pH, and good cleaning performance, which is optimum at a significantly higher pH, is 

is unresolved. 

WO-95/12657 describes this issue and discusses the application of delaying release of an acid source for improved 
spotting and filming for use in machine dishwashing powder compositions. However, methods of delaying release of 
acidity, claiming both use of poorly soluble coatings and of modifying the physical characteristics of the acid to control 
its solubility and rate of release are not specifically addressed. In addition, there is no reference to use in tablets. 

20 Thus, one object of the present invention is to utilize the unique characteristics of the tablet form to deliver both 
good bleaching from a oxygen bleach source, with or without a bleach catalyst, and good enzymatic protein soil removal 
along with good anti-scaling results by virtue of controlled release of a source of acidity. The specific release parame- 
ters for the source of acidity are primarily defined by the wash temperature. « 

Another object of the present invention is to provide tablets which are aesthetically pleasing and which are more 

25 consumer friendly by virtue of the virtual absence of fines on the tablet surface than tablets conventionally known in the 
art. 

Summary of the Invention 

30 The present invention relates to solid dishwashing and warewashing compositions that have good handling char- 
acteristics and excellent cleaning performance by virtue of controlled release of the ingredients that allow the protease 
and bleach system to function at the initial part of the wash, where the wash pH is optimum for their cleaning action, 
and a source of acidity to be released later in the wash to deliver anti-scaling benefits. 

The solid compositions of the present invention are preferably in the form of tablets which have at least two layers. 

35 The first layer of a two layer tablet includes an effective amount of an oxygen bleach system, with or without an organic 
or inorganic bleach catalyst, from 5 wt % to 90 wt % of a builder, one or more enzymes and a buffering system. The 
oxygen bleach system can be a peracid, a peracid precursor and source of hydrogen peroxide, a source of hydrogen 
peroxide alone, a diacyl peroxide or mixtures thereof. Optionally, a surfactant, a processing aid to allow a high strength 
tablet to be processed under low compaction pressures, disintegrants to aid in tablet dissolution and lubricants to aid 

40 processing are present. 

A second layer of a two-layer tablet according to the present invention includes an effective amount of an acidity 
agent in a continuous medium that has a minimum melting point of 35°C and a maximum melting point of 50*C. The 
source of acidity can be incorporated into the continuous medium either as is or in the form of a granulate. The granu- 
late can optionally contain a surfactant to enhance dissolution. 
45 The selection of buffer in the first layer of the tablet is such that when this layer dissolves, the wash pH lies between 
8.5 and 1 1.0 and the level of acidity agent should be such that, after the second layer is released, the wash pH lies 
between 6.5 and 9.0. 

This order of release allows for good functionality of the bleach and enzyme species during the initial part of the 
wash along with good anti-scaling properties. This is in contrast to systems that deliver all ingredients at high pH, where 
so bleach and enzyme functionality is acceptable but scaling will be poor, or at low pH, where bleaching by the oxygen 
bleach system and protein soil removal by enzymes will be poor, but anti-scaling benefits will be good. The functional 
ingredients, other than the source of acidity to lower the pH, can be delivered from more than one layer to allow for 
improved stability of ingredients by separation of incompatible ingredients. 

55 Detailed Description of the Preferred Embodiments 

The compositions of the invention may be in any conventional solid form useful in machine dishwashing and ware- 
washing applications, but are preferably in the form of a tablet having at least two layers . 
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of a protease, an am^ase and mixtures ^^^^^S^Z- ^ I"" ^ 9r0UP C °™^ 
effective amount of an oxygen bleach system selected^™ STT P 6 W3Sh ^ of 8 5 to 1 1 °- an 

a source of hydrogen pelade, a SSS^^^^^J^'* °* * P6raCid ' 3 <> eracid P"»«or plus 
a level of 1 to 25 wt. % with or without an So .noZS 2 1 \ f ? * miXtUreS thereof - desirabl * * 
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macNnlSSSTo ^^c^SS tLTT * «" « * 

organic water-so. ubllbui.de safeo ^SShSS!?^ ^ "* °' ^ *»W and 

wt. % by weight of the cleaning compoSn ^ 5 10 90 % ' and P referabl » '™ 10 to 80 

ci,,y T s=cr^ 

builders include sodium and potassium trfpolyphosphSS SSSlSl L h T^T * in ° rQaniC ph0Sphate 
.eta^^^ 

silicates and zeolST P M *° nate ' SOd ' Um 3nd POtassium bi «*°"ates. silicates including layered 

bunders include alKaH 

nates, alkanehydroxyphosphonates oSsuccina es a2 5, Ca | *° Xylates - "'^-acetates, phytates, phospho- 
succinates. ethylenedamhne tetraS^^™5? ^l? dlsucc,na,es - oxydiacetates. carboxymethyloxy 

tratediacetates oxidized s^^ 
such as polyacrylates. po.yma.eSr p ^ 

polymethacrylate copolymers. acrS^3^^S^ ateS ' P«*»^trt P olymaleate and po.yacry.ate/ 

«. * er3en ' bl *"" a " ^ 10 illu * a ' e lxrt no. in* me ^ o, Mde , s a „ ^ employed ,„ 

Enzvmes 

PurafectOxP. ex. Genencor) amylase T(e a Terrntmtf® iffE .J? Esperase ® from Nov ° Industries A/S and 
Genencor). amylases (e.g.. Termamyl® and Duramyl® from Novo Industries and Purafect OxAm. ex. 

Buffering SystoiT) 

^^te^^^^^ 

borates, silicates, layered smcates suchaTs^S^J!.?? meia carbonates. tteartona.es. sesquicarbona.es. 
amorphous alurninoLica.es ^ m £L s iS^Sf m " a f ci "»- «*■ "«»«• »"d crysralline and 
^a* M as,™tt ra r*„a^^^^ « P— 

Oxygen Bleaching Systems 

Peroxv Ble aching Ag ente 

The oxygen teaching agents of the compositions indude organic peroxy acids and d.acy.peroxides. Typical 
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monoperoxy acids useful herein include alkyl peroxy acids and aryl peroxy acids such as: 

i) peroxybenzoic acid and ring-substituted peroxybenzoic acids, e.g., peroxy-alpha-naphthoic acid, and magnesium 
monoperoxyphthalate 

ii) aliphatic and substituted aliphatic monoperoxy acids, e.g., peroxylauric acid, peroxystearic acid, epsilon- 
phthalimidoperoxyhexanoic acid and o-carboxybenzamido peroxyhexanoic acid. N-nonylamidoperadipic acid and 
N-nonylamidopersuccinic acid. 

iii) Cationic peroxyacids such as those described in US-A-5, 422,028. US-A-5,294,362; and US-A-5,292,447. 

iv) Sulfonyl peroxyacids such as compounds described in US-A-5,039,447. 

Typical diperoxy acids useful herein include alkyl diperoxy acids and aryl diperoxy acids, such as: 

v) 1,12-diperoxydodecanedioic acid 

vi) 1,9-diperoxyazelaic acid 

vii) diperoxybrassylic acid; di peroxy secacic acid and diperoxyisophthalic acid 

viii) 2-decyldiperoxybutan-1 ,4-dioic acid 

ix) N.N 1 -terephthaloyl-di(6-aminopercaproic acid). 

A typical diacylperoxide useful herein includes dibenzoylperoxide. 

Inorganic peroxygen compounds are also suitable for the present invention. Examples of these materials useful in 
the invention are salts of monopersulfate, perborate monohydrate, perborate tetrahydrate, and percarbonate. 

Preferred oxygen bleaching agents include epsilon-phthalimidoperoxyhexanoic acid, o-carboxybenzamidoperoxy- 
hexanoic acid, and mixtures thereof. - 

The organic peroxy acid is present in the composition in an amount such that the level of organic peroxy acid in the 
wash solution is 1 ppm to 300 ppm AvOx, preferably 2 ppm to 200 ppm AvOx. 

The oxygen bleaching agent may be incorporated directly into the formulation or may be encapsulated by any 
number of encapsulation techniques. ;■. 

A preferred encapsulation method is described in US-A-5,200,236. In the patented method, the bleaching agent is 
encapsulated as a core in a paraffin wax material having a melting point from 40°C to 50°C. The wax coating has a 
thickness of from 100 to 1500 microns. 

Bleach Precursors 

Suitable peracid precursors for peroxy bleach compounds have been amply described in the literature, including 
GB-836,988; GB-855,735; GB-907,356; GB-907;358; GB-907,950; GB-1 ,003,310 and GB-1 ,246,339; US-A-3,332,882 
and US-A-4. 128,494. 

Typical examples of precursors are polyacytated alkylene diamines, such as N,N,N',N'-tetraacetylethylene diamine 
(TAED) and N.N.N'.N'-tetraacetylm ethylene diamine (TAMD); acylated glycolurils, such as tetraacetylglycoluril (TAGU); 
triacetylcyanurate, sodium sulfophenyl ethyl carbonic acid ester, sodium acetyloxybenene sulfonate (SABS), sodium 
nonanoyloxy benzene sulfonate (SNOBS) and choline sulfophenyl carbonate. Peroxybenzoic acid precursors are 
known in the art, e.g., as described in GB-A-836,988. Examples of suitable precursors are phenylbenzoate; phenyl p- 
nitrobenzoate; o-nitrophenyl benzoate; o-carboxyphenyl benzoate; p-bromophenylbenzoate; sodium or potassium ben- 
zoyloxy benzenesulfonate; and benzoic anhydride. 

Preferred peroxygen bleach precursors are sodium p-benzoyloxybenzene sulfonate, N.N.N.N'-tetraacety (ethylene 
diamine, sodium nonanoyloxybenzene sulfonate and choline sulfophenyl carbonate. 

The peroxygen bleach precursors may be suitably present in the composition in an amount from 1 to 20 weight per- 
cent, preferably from 1 to 1 5 wt %, most preferably from 2 to 1 0 wt. %. To deliver a functional peroxygen bleach from a 
precursor, a source of hydrogen peroxide is required. The hydrogen peroxide source is preferably a compound that 
delivers hydrogen peroxide on dissolution. Preferred sources of hydrogen peroxide are sodium perborate, either as the 
mono- or tetrahydrate and sodium percarbonate. The source of hydrogen peroxide, when included in these composi- 
tions is present at a level of 1% to 30% by weight, preferably from 2% to 25% by weight, most preferably from 4% to 
20% by weight 

Bleach Catalyst 

An effective amount of a bleach catalyst can also be present in the first layer. A number of organic catalysts are 
available such as the sulfonimines as described in US-A-5,041,232; US-A-5,047,163 and US-A-5,463,115. 

Transition metal bleach catalysts are also useful especially those based on manganese, iron, cobalt, titanium, 
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c*™na„e„OC^.a^ 

A-4,430.243 and US-A-S 114 611 metai-based bleach catalysts include those disclosed in US- 

•nositol, lactose and mixtures thereof. Especially preferred 7s sTrSol ' ^ m98 °^ hrM ' ^ 

ironorc'^wS^^^^ 

306.089 (meallo-porphyrira) US-A-4 72e , complexes). EP-A-384.503 and EP-A- 

nese on aluminosfcaKrCI-A^SOl s^'m^S^, " 9 '" W) ' >**«•"'. "8 (**°*>M manga- ' 

****n (manoane, Ji^ i^&5££^£Z2S?Z^ Sa,,) - ^ 

ana non-cata.** meta, catons). and l»M^ (man^anL tfucia^l manganese ««ons 

dene)ethylenediaminecobalt (II) Other ^SlSS^ ^ ° SUCh 3 Cata,ySt ' S ^-Bisfsalicyli- 
^monia and mon-. bi-'ri a . te^SdTs^ ^ — 

sa„ Z^^ZZT^^e ST T ^ " ^ SitU * reart ° n ° f 3 transition-meta. 

O ptional First Laver Ing rpHionfr 

^SSS^S^ -tonic, amphoteric. 2 wit- 

and are described at lengtt at "Sunlce £S£ a 2 9 fn Su ° h surfactants a ' e w «" *»°w" in the detergent arts 
science Publishers. ^7S^^ V °' 2 * P ^ - Birch. Inter- 

Preferred surfactants are one or a mixture of: 

Anionic surfactants 

metal sate, of orga^c sLTreZn p ^uZ ^n^ STT* J™ *" Water " S0,ub,e «■»* P a ^'y the alkali 
"-onatoms 9 ^^ 

Primary Atkyl Sulfates 

R 1 OS0 3 M 

where fl» is a primary alky, group of 8 to 18 carbon atoms and M is a so.ubili.ing cation. The aiky. group may have 
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a mixture of chain lengths, it is preferred that at least two thirds of the R 1 alkyl groups have a chain length of 8 to 14 
carbon atoms. This will be the case if R 1 is coconut alkyl. for example. The solubilizing cation may be a range of cations 
which are in general monovalent and confer water solubility. Alkali metal, notably sodium, is especially envisaged. Other 
possibilities are ammonium and substituted ammonium ions, such as trialkanolammonium or trialkylammonium. 

5 

Alkyl Ether Sulfates 

R 1 0(CH 2 CH 2 0) n S0 3 M 

io where R 1 is a primary alkyl group of 8 tp 1 8 carbon atoms, n has an average value in the range from 1 to 6 and M is a 
solubilizing cation. The alkyl group R 1 may have a mixture of chain lengths. It is preferred that at least two thirds of the 
R 1 alkyl groups have a chain length of 8 to 14 carbon atoms. This will be the case if R 1 is coconut alkyl, for example. 
Preferably n has an average value of 2 to 5. 

15 Fatty Acid Ester Sulfonates 

R 2 CH(S0 3 M)C0 2 R 3 

where R 2 is an alkyl group of 6 to 16 atoms, R 3 is an alkyl group of 1 to 4 carbon atoms and M is a solubilizing cation. 
20 The group R 2 may have a mixture of chain lengths. Preferably at least two thirds of these groups have 6 to 1 2 carbon 
atoms. This will be the case when the moiety R 2 CH(-)C0 2 (-) is derived from a coconut source, for instance. It is pre- 
ferred that R 3 is a straight chain alkyl, notably methyl or ethyl. 

Alkyl Benzene Sulfonates 

25 

I^ArSOjM 

where R 4 is an alkyl group of 8 to 18 carbon atoms, Ar is a benzene ring (C 6 H 4 ) and M is a solubilizing cation. The 
group R 4 may be a mixture of chain lengths. Straight chains of 1 1 to 14 carbon atoms are preferred. 

30 Paraffin sulfonates having 8 to 22 carbon atoms, preferably 12 to 16 carbon atoms, in the alkyl moiety. These sur- 
factants are commercially available as Hostapur SAS from Hoechst Celanese. 

Olefin sulfonates having 8 to 22 carbon atoms, preferably 12 to 16 carbon atoms. US- A- 3,332,880 contains a 
description of suitable olefin sulfonates. 

Organic phosphate based anionic surfactants include organic phosphate esters such as complex mono- or diester 

35 phosphates of hydroxy!- terminated alkoxide condensates, or salts thereof. Included in the organic phosphate esters 
are phosphate ester derivatives of polyoxyalkylated alkylaryl phosphate esters, of ethoxylated linear alcohols and 
ethoxylates of phenol. Also included are nonionic alkoxylates having a sodium alkylenecarboxylate moiety linked to a 
terminal hydroxyl group of the nonionic through an ether bond. Counterions to the salts of all the foregoing may be those 
of alkali metal, alkaline earth metal, ammonium, alkanolammonium and alkylammonium types. 

40 Particularly preferred anionic surfactants are the fatty acid ester sulfonates with formula: 

R 2 CH(S0 3 M)C0 2 R 3 

where the moiety R 2 CH(~)C0 2 (-) is derived from a coconut source and R 3 is either methyl or ethyl; primary alkyl sul- 
45 fates with the formula: 

R 1 OS0 3 M 

wherein R 1 is a primary alkyl group of 10 to 18 carbon atoms and Ivl is a sodium cation; and paraffin sulfonates, prefer- 
so ably with 12 to 16 carbon atoms to the alkyl moiety. 

Nopionic surfactants 

Nonionic surfactants can be broadly defined as surface active compounds with one or more uncharged hydrophilic 
55 substituents. A major class of nonionic surfactants are those compounds produced by the condensation of alkylene 
oxide groups with an organic hydrophobic material which may be aliphatic or alkyl aromatic in nature. The length of the 
hydrophilic or polyoxyalkylene radical which is condensed with any particular hydrophobic group can be readily 
adjusted to yield a water-soluble compound having the desired degree of balance between hydrophilic and hydrophobic 
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elements. Illustrative, but not limiting examples of various sutahi- 

• ar,oussultablen onionicsurfa«ant types are. 
polyoxyalkene condensates of aliphatic carboxylic acid* .- 

"rated, especially ethoxylated and/or propoX* S^T* ^'' °' *'™ U *-*™™4^rai*i 0fSaX . 
a..pha» lc chain and incorporating from ateS^, JSSLSf "T* 8 fr ° m 8 * 18 ato "* '"the 

•nclude "coconut" tatty acids (der*ed from cooor^^^™ 1 " 6 ° Xide units ' ***•• carboxyfic 
acds (denved from tallow-class fats, which corrtl lTe« ° „M« T** " 12 Cart50n atoms ' " ta »° w " WtJ 
stearic acid and lauric acid. average of 1 8 carb °" atoms, palmitic acid, myristic acid. 

polyoxyalkene condensates of aliphatic alcohols whether lir,«r „ k u 

especaHy ethoxylated and/or propoxylated alSfc aS^ Sm bunched-chain and unsaturated or saturated 

^0(CH 2 CH 2 0) n H 
is from 6 to 20 carbon atoms. Notably the qtoud R 5 ma« h= 

The average value of „ shouW be at leai ?. ^eZ^T^T" ' ™» from 9 to 18 atoms, 
ton around the average value. However, as is Known ^SD^Sn^h"? feSidU6S ^ be 3 Statistica, dis ™- 
altered by fractionation after ethoxylation Particula^ orpferfl ? affSCted by the m a™fecturing process or " 
to 1 8 carbon atoms whi.e n is from 2 to 8 * P alcohols have a group fl« JnS tas 9 

Also ,nduded within th.s category are nonionic surfactants having a formula: 

R._(CH i CHO W CH l CH a O) y (CH,CHO) z H 



40 



R-OCCH.CHO^CH.CH^WCH.CHCOHjRio,, 

CH. 
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"Cr,i^ atoms inciuding matures th.eof; and 

hav-ng a value of from t to 3; k is an integer having Tva^lolT^^ ' is an ■Wfl* 

L«^ re ^ r6d 8re """Pontons in which j is 1 k^from to 20 ^ ? / '^^ havi " 9 3 value of fr °<" "to 
94/22800. Other preferred nonionic surfactants are Bnw fc^aSiJi,! ■ ^ surfactarts aredescribed in WO 

Another non,on,c surfactant included within this category are c^nds of formula: 

R"— (CH.CH.OfcH 
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polyoxyethylene or polyoxypropy/ene condensates of a/kyl phenols, whether linear- or branched-chain and unsatu- 
rated or saturated.containing from 6 to 12 carbon atoms and incorporating from 2 to 25 moles of ethylene oxide 
and/or propylene oxide. 

polyoxyethylene derivatives of sorbitan mono-, di-, and th-fatty acid esters wherein the fatty acid component has 
between 12 and 24 carbon atoms. The preferred polyoxyethylene derivatives are of sorbitan monolaurate. sorbitan 
trilaurate, sorbitan monopalmitate, sorbitan tripalmitate, sorbitan monostearate, sorbitan monoisostearate, sorbitan 
tripalmitate, sorbital tristearate, sorbitan monooleate, and sorbitan trioleate. The polyoxyethylene chains may con- 
tain between 4 and 30 ethylene oxide units, preferably 1 0 to 20. The sorbitan ester derivatives contain 1 , 2 or 3 poly- 
oxyethylene chains dependent upon whether they are mono-, di- or tri-acid esters. 

polyoxyethylene -poiyoxy propylene block copolymers having formula: 

HO(CH 2 CH 2 0) a (CH(CH 3 ) CH 2 0) b (CH 2 CH 2 0) c H 

or 

HO(CH(CH 3 )CH 2 0) d (CH 2 CH 2 0) e (CH(CH3)CH 2 0) f H 

20 wherein a. b. c, d. e and f are integers from 1 to 350 reflecting the respective polyethylene oxide and polypropylene 
oxide blocks of said polymer. The polyoxyethylene component of the block polymer constitutes at least 10% of the 
block polymer. The material preferably has a molecular weight of between 1 ,000 and 1 5,000. more preferably from 
1 ,500 to 6,000. These materials are well-known in the art They are available under the trademark "Pluronic" and 
"Pluronic R",a product of BASF Corporation. 

25 

Amine oxides having formula: 

R 12 R 13 R 14 N=0 

30 wherein R 12 , R 13 and R 14 are saturated aliphatic radicals or substituted saturated aliphatic radicals. Preferable amine 
oxides are those wherein R 12 is an alkyl chain of 10 to 20 carbon atoms and R 13 and R 14 are methyl or ethyl groups or 
both R 12 and R 13 are alkyl chains of 6 to 14 carbon atoms and R 14 is a methyl or ethyl group. 

Amphoteric synthetic detergents can be broadly described as derivatives of aliphatic tertiary amines/in which the 
aliphatic radical may be straight chain or branched and wherein one of the aliphatic substituents contain from 8 to 18 

35 carbons and one contains an anionic water-solubilizing group, i.e., carboxy, sulpho, sulphato, phosphato or phosphono. 
Examples of compounds falling within this definition are sodium 3-dodecylamino propionate and sodium 2- 
dodecylamino propane sulfonate. 

Zwitterionic synthetic detergents can be broadly described as derivatives of aliphatic quaternary ammonium, phos- 
phonium and sulphonium compounds in which the aliphatic radical may be straight chained or branched, and wherein 

40 one of the aliphatic substituents contains from 8 to 18 carbon atoms and one contains an anionic water-solubilizing 
group, e.g., carboxy, sulpho, sulphato, phosphato or phosphono. These compounds are frequently referred to as 
betaines. Besides alkyl betaines. alkyl amino and alkyl amido betaines are encompassed within this invention. 



45 



Alkyl Glycosides 

R 15 Q(R 16 0) n (Z 1 ) p 



wherein R 15 is a monovalent organic radical (e.g.. a monovalent saturated aliphatic, unsaturated aliphatic or aromatic 
radical such as alkyl, hydroxyalkyl, alkenyl, hydroxyalkenyl, aryl, alkylaryl, hydroxyalkylaryl, arylalkyl, alkenylaryl, aryla- 

so Ikenyl, etc.) containing from 6 to 30 (preferably from 8 to 18 and more preferably from 9 to 13) carbon atoms; R 16 is a 
divalent hydrocarbon radical containing from 2 to 4 carbon atoms such as ethylene, propylene or butylene (most pref- 
erably the unit (R 16 0) n represents repeating units of ethylene oxide, propylene oxide and/or random or block combina- 
tions thereof); n is a number having an average value of from 0 to 12; Z 1 represents a moiety derived from a reducing 
saccharide containing 5 or 6 carbon atoms (most preferably a glucose unit); and p is a number having an average value 

55 of from 0.5 to 10 preferably from 0.5 to 5 . 

Examples of commercially available materials from Henkel Kdmmanditgesellschaft Aktien of Dusseldorf, Germany 
include APG® 300. 325 and 350 with R 15 being C 9 -C 11t n is 0 and p is 1.3, 1.6 and 1.8-2.2 respectively; APG® 500 
and 550 with R 15 is C 12 -C 13 , n is 0 and p is 1.3 and 1.8-2.2, respectively; and APG® 600 with R 15 being C 12 -C 14 , n is 
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0 and pis 1.3. 

n0n '° niC SUrtaMa '" S " 6 ,„d p.^py.ene c Me „ saKs o( „„ ea , 

^J*. ran 9 e o, » from 0.5 10 30 % by wt. more p^y ,„,„ 0 5 » , » „y „, „, tBe ^ 

Seauestrante 

ally-substituted aromatic chelating agents i^^SZ^Si^T^ ^ pnos P honate * Polylunction- 
that the benefit of these materials is'due in parTt^th"™^ ,0 be * ^ * - Relieved 

washing solutions by formation of soluble chelates except,onal ^"^ t0 rem <»e iron and manganese ions from 

M * ,wWrt ^^ .triethylenetetraaminehexaacetates, 
substituted ammonium salts .herein and mix^^T ethanold, 9'yanes. alkali metal, ammonium, and 

(methylenephosphonates). nitri.otris (me^ne^ ' nC ' Ude ^^enediaminetetrakis 

nates). Preferably, these amino phosio^cSwSn^LJ? w *' m ™P*™* (methylenephospho- ' 
Polyfunctionally-substituted aro^^i^™ " ^1" 9f °^ S with more than 6 <**on atoms. 

50 Anti-Scalante 

but. ~ I ™ — - a -ber of sources 

bonate and phosphates are the most sianJiclt ^ Carbona,e ' Phosphates and silicates. Calcium car- 

tion can be EcorpUw r- J" ^ problem ' ''^edients to minimise sade forma- 

examples of whi<£ are sup^X^m ^Haa^ T tacuhr «™ ^ 000 to 400.000 

with other moieties. Theselnclude acTyTc addSrtSS^ i ^ ^ . P " 2* P0,ymerS baS8£ k 0n acry,ic acid combin «* 
or Acusol® 479N supplied ^^7^^^^^ ^ 38 S °^ ,an ® CPS by BASF 

acrylic acid such as ColSd* ^ 226*5 supSed by RhoL^Pn " Acry,idone@ SU PP«<* by ISP; wim meth- 

BucKman Laboratories; with nSo^^^^S^^.T Pnosphonate such as Casi® 773 supplied by 
fopheny. methal.y. ether such as AquatreaS AR : h^TV " PP * * ^ acry,amid * *«h su.- 

such as Acumer® 3 1 00 supplied by Rohm & HaaT^m £ w * 1 ^'^-Z-methylpropane sulfonic acid 
acid and sodium styrene sulfonate^" K 7&s^Tr ? K ' ?75 SUPP ' ied by Goodrich; witn s "»°™ 

sulfonate and suffopheny. mZ fyTS er ^VS^S^ 2! ^ methacry,ic aci * metha.lyl 
200 supplied by FMC; i.ymetha^s iTL Ta^® ^Tom P^m 4 H« fi ' 'r^T* SUC " aS Bel <^ @ 

°--o %b yw eig h^^^^^^ 
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^"SXZSZ^ T - W — . fo ' b-nding the ingredi- 

The key ingredients in this S^t^^^S^^^T^ of the tab.et. 
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can be formed in the absence of the binder, incorporation of a binder allows use of lower compaction pressures which 
aids in the breakdown of the tablet in the wash liquor. Lower compaction pressures allow for higher throughput during 
processing of tablets while decreasing the probability of mechanical breakdown of parts due to high stress. 

A number of binders and disintegrants are described in the literature (see. for example. "Pharmaceutical Dosage 

5 Forms: Volume 1", 1989. Marcel Dekker Inc., ISBN 0-8247-8044-2). Both natural polymeric materials and synthetic pol- 
ymers are useful. These include starches, such as corn, maize, rice and potato starches and starch derivatives such as 
U-Sperse M® and U-Sperse® supplied by National Starch. Primojel® carboxymethyl starch and sodium starch glyco- 
late such as Explotab®, pregelatinized corn starches such as National® 1551 and Starch® 1500; celluloses and cellu- 
lose derivatives including sodium carboxymethyl cellulose such as Courlose® and Nymcel®. cross-linked sodium 

10 carboxymethyl cellulose such as Ac-Di-Sol® supplied by FMC Corp., m icrocr y stall in e cellulosic fibers such as Han- 
floe®, microcrystalline cellulose such as Lattice® NT supplied by FMC Corp. and Avicel® PH supplied by FMC Corp. 
methylceilulose, ethylcellulose, hydroxypropylcellulose and hydroxy propylmethylcel I ulose. Other polymers useful as 
binders/disintegrants are polyvinylpyrrolidones such as Plasdone®, PVP® K-30 and PVP® K-60 all supplied by Inter- 
national Specialty Products; polyvinylpolypyrrolidones, a cross-linked homopolymer of N-vinyl-2-pyrrolidone such as 

is Polyplasdone® XL supplied by International Specialty Products; polymethacrylates, polyvinyl alcohols and polyethyl- 
ene glycols. Gums such as acacia, tragacanth, guar, locust bean and pectin, gelatin, sucrose and alginates are also 
useful as binders/disintegrants. Suitable inorganic materials include magnesium aluminum silicate such as Veegum® 
HV supplied by R. T. Vanderbilt Co. Inc.. bentonite and montmorillonite such as Gelwhite® supplied by Southern Clay 
Products. Other suitable binders include monoglycerides such as Imwitor® 191 supplied by Huls America Inc., glyceryl 

20 stearates such as Imwitor 900® supplied by Huls America Inc., and palm oil glycerides such as Inwitor® 940 supplied 
by Huls America Inc. Most preferred as binders/disintegrants are microcrystalline celluloses and polyethylene glycols. 
Preferrred polyethylene glycols have molecular weights from 2,000 to 15,000. 

Another way of enhancing dissolution of a tablet in the wash water is to incorporate an effervescent system. This 
includes weak acids or acid salts such as citric acid, maleic acid, tartaric acid, sodium hydrogen phosphates, in combi- 

25 nation with a basic ingredient that evolves carbon dioxide when interacting with this acid source. Examples include 
sodium and potassium carbonate and bicarbonate and sodium sesquicarbonate. 

Other tablet additives commonly used are lubricants to aid the tabletting process, such as stearates, waxes, hydro- 
genated vegetable oils and polyethylene glycols and fillers such as sugars, sodium sulfate and sodium chloride. 

Minor amounts of various other components may be present in the first layer of the tablet. These components 

30 include bleach scavengers including but not limited to sodium bisulfite, sodium perborate, reducing sugars, and short 
chain alcohols; enzyme stabilizing agents; soil suspending agents; antiredeposition agents; anti-corrosion agents, such 
as benzotriazole and its derivatives isocyanuric acid described in US-A-5,374,369; purine derivatives described in US- 
A-5.468,410; 1,3-N azole compounds described in US-A-5,480,576; ingredients to enhance decor care; colorants; per- 
fumes; defoamers such as mono- and distearyl phosphate silicone oil, mineral oil and other functional additives. 

35 Optionally the functional ingredients described above included in the first layer of a two layer tablet may also be 
delivered from multiple layers to enhance performance by controlling the release of the ingredients or to improve stor- 
age stability of mutually incompatible ingredients. 

Second Tablet Laver 

40 

A second tablet layer of a two layer tablet comprises an effective amount of a continuous medium that has a mini- 
mum melting point of 35°C and a maximum melting point of 50°C and acts as a carrier for a source of acidity and option- 
ally, a surfactant releasing these ingredients at the appropriate time during the wash cycle. 

45 Materials of the Continuous Medium 

Materials suitable for use as the continuous medium of the last layer of the tablet must have a number of charac- 
teristics. Thus, the material must be chemically compatible with ingredients to be incorporated into the layer, must be 
compressible into a tablet layer and must have a suitable release profile, especially an appropriate melting point range. 

so The melting point range is from 35°C to 50°C with the materials having preferably a solids content of 0% to 1 0% at 60°C. 
Paraffin waxes, microcrystalline waxes and natural waxes give good results. Some preferred paraffin waxes, all of which 
have 0% solids content at 60°C. include Merck® 7150 and Merck® 7151 supplied by E. Merck of Darmstadt, Germany; 
Boler® 1397, Bofer® 1538 and Boler® 1092 supplied by Boler of Wayne, Pa; Ross® fully refined paraffin wax 115/120 
supplied by Frank D. Ross Co., Inc of Jersey City. N.J.; Tholler® 1397and Tholler®1538 supplied by Tholler of Wayne, 

55 Pa.; Paramelt® 4608 supplied by Terhell Paraffin of Hamburg. Germany and Paraffin® R7214 supplied by Moore & 
Munger of Shelton, Conn. 

Natural waxes, such as natural bayberry wax. m.pt. 42 - 48 supplied by Frank D. Ross Co., Inc, are also useful as 
are synthetic substitutes of natural waxes such as synthetic spermaceti wax, m.pt 42 -50, supplied by Frank D. Ross 
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Co.. Inc.. synthetic beeswax (BD4) and glyceryl behenate (HRC) synthetic wax 

18 -22 a^s^'^ The Secular for™., is fCxH^y wherein x is 

point range is from 40C E^ZZ^J^™"- * X * 2 ° and y is 150 " 25 ° 1,16 ^"9 

~s~r; e r a f s r = ,auric ^ - ^ «* ^ ve s 

nols. po.yoxyalka.ene b. 0C k COP <ZeS anc ^ ock L^ST- !°T? ensate6 of ali P hatic ^«s. alcohols and phe- 
« oxide to ethylenediamine. OtheTsSl mateS S?2EL fT" T a * ,iti ° n ° f pr ° Py,sne oxide 9011 ^^ylene 
ethylene glyco.s. po.yviny. a.coMs Shy.eTe SrJSS^^ POlyoxyethylene sorbitan fatty add esters. po.y- 

Most preferred are paraffin waxes either alone or as a mixture with polyvinyl ethers 

20 Sources of Acidity 

syste^^ 

of the acidity should be below P H 9 preferaWv blw nM^ ? ? SUCh that the pH ° f ,he wash afte ' ^«s! 
thus be print in an amo^o^o^^ pH 8 The a ^ity agent may 

as is. to the continuous medium of the second Uavefor bi n t u- I™ 06 01 aC ' dity ran be added direct, K 
rapid dissolution prior to mixing wit* J^f™ ' 1 gran ^ ated " ,th a b,nder «nd optionally with a surfactant for 

microns and size An aZa Ve onnZoraS tT 'Zk*** be betWeen 100 and 200 ° 

tinuous medium of the second tayiinfoV X£ ! <? * S ° Ur ° e ' S t0 C ° 3t the aCidity 9ranu,e with con- 

which may be direct* usS to £m toXjZZZZL SSS^T ^2 " 't^ 9 **" t0 pr0duce ««P«*»" 
optionaHy with a surJctant for the rapTdVSonTre ^T^utlT^T " 

tem^ tnoTZZ^^2^T " ^ Preferabl ° ^ ««• °< «*% be so,id a, room 
adipic acid, fumaric add maKc^nSclad Z^^T^^f inC ' Udin9 ad * 9 ' yC ° ,iC acid ' 
atdT^^^^ 

-JJKlt wash « ^JTS,^' 10 SnSUre 900d diSP - i0 " <™ e medium of the 

groups wi!h an organic hSob^e^ «* *• condensation of a.kylene oxide 

Processing nf TaHpft 

with -oCX^ 10 ^ tabl6t die 3nd COmpressed 

number of routes. ^ 0 k9/m Procesana <* second layer can proceed via a 

whole mixture is then t ansfc rr«i to di ?Jn too ^ r f ^ m ' XI " 9 thSS6 f ' ates the acidic moie * This 
1 x1 0 6 ko/m 2 to 3x?^ k n /r2 T * , t0P * th6 f ' rSt layer and co^^ed with a compaction pressure of from 

enhanc^ »• ™» °< «*% optionally £, surfactant to 

tinuous .ayer prior to J£££t££ way ^r^E^SJ T T t099,her ^ *" ° f 1,16 con " 

source of acidity with thecontjnuous med uTIf? ST2Z2i ^-7*2" " thB 9ranu,ate containin 9 the 

■ates^eencapsulatesarecom^s^ac^^^^^ 

layer with discrete capsules of source of acidity. P^ssure from 1x10 kg/m*to3xl0 7 kg/m 2 to gjve a second 

It is advisable to dso add surfactant separately into the second layer to ensure good dispersion of the materia, of 
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the continuous medium of the second layer into the wash water. This is best achieved by pre-mixing a surfactant that is 
solid at room temperature with the materials at the continuous medium of the layer prior to compaction. 

The same process is utilized for multi-layer tablets except that the ingredients of al) but the last layer are sequen- 
tially compacted within their respective layers, 
s The following examples will serve to distinguish this invention from the prior art and illustrate its embodiment more 

fully. Unless otherwise indicated, all parts, percentages and proportions referred to are by weights. 

EXAMPLE 1 

10 Tablets (34mm diameter, 14- 18mm thickness) were prepared according to the compositions shown in Table 1. The 

bleaching system contains a hydrogen peroxide source and a manganese catalyst. All values are in grams per ingredi- 
ent and, unless specified, all anionic species are the sodium salts. The tablets were processed according to the speci- 
fications above with citric acid as a source of acidity mixed with flakes of a paraffin wax prior to tabletting. Tablets C and 
D lie within the scope of this invention and Tablets A and B lie outside. 

75 



Table 1 



20 



25 



Component 


A 


B 


C 


D 




Layer 1 


Layer 1 


Layer 1 


Layer 2 


Layer 1 


Layer 2 


Citrate 


7.0 


7.0 


7.0 




7.0 




Sokalan® CPS 1 


0.7 


0.7 


0.7 




0.7 




Disilicate 


3.8 


3.8 


3.8 




3.8 




Sokalan® PA 25 2 


0.35 


0.35 


0.35 




0.35 




Carbonate 


1.25 


1.25 


1.25 




' 1.25 




Mn Catalyst 3 


0.45 


0.45 


0.45 




0.45 




Perborate Monohydrate 


3.25 


3.25 


3.25 




3.25 




Protease 4 


0.60 


0.60 


0.60 




0.60 




Amylase 5 


0.35 


0.35 


0.35 




0.35 




Plurafac® LF 403 6 




0.20 






0.20 




Citric Acid 








4.0 




4.0 


Wax 7 








2.0 




2.0 



1 Acrylate/maleate copolymer ex. BASF 

2 Polyacrylale ex BASF 

3 As described in U.S. Patent No. 5,246,621. 

4 Savinase® 6T ex Novo 

^ermamyl® 60T ex Novo 

6 Surfactant ex. BASF 

7 Boler® 1397, m.pt. 42-46°C. 



The tablets were evaluated in the E50 cycle of a Bosch dishwashing machine. The tablets were introduced into the 
machine via a basket hanging from the top rack. Glass tumblers were evaluated for filming using the visual scoring sys- 
tem where filming is rated from 0 (no film) to 5 (heavy film). The permanent wash water hardness was 300 ppm (4:1 
so calcium/magnesium expressed as calcium carbonate) and the temporary wash water hardness (bicarbonate) was 320 
ppm. The glasses were washed up to 10 cycles. 

For Tablets A and B, the pH throughout the main wash was 9.7 to 9.9. For Tablets C and D, the pH of the wash water 
was 9.3 to 9.6 after 5 minutes of the main wash and 8.3 to 8.6 after 10 minutes of the main wash. 

The results are summarized in Table 2. 
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Tabl e 2 
Filming on Glasses 



Tablet 


Run #2 


Run #4 


Run #6 


Run #8 


Run #10 


A 


2.0 


2.0 


2.2 


2.1 


2.5 


B 


1.6 


1.9 


2.0 


2.5 


3.0 


C 


1.5 


1.5 


1.5 


1.5 


1.6 


D 


1.2 


1 -6 


1.6 


1.8 


2.0 



is maintained above pH 9.5 throughout the wash which snoibS ?^^ * ThuS " in TabletS A and B ' the P" 
which lie within me scope of this invention. control^ I eleas of an aS « T" 0 " ° f Tablets C and °- 

.s traditionally beneficial for bleaching and soil rc^^^^*^ ""T for a ^ wash pH. which 
virtue of reduced scaling. This benefit is observed^>o^h?r^he p^e^e^ice an^a^s^ce o^s!urfact^it' aSS a ' 3 ' 3earance 
EXAMPLE 2 

aJht!^ 

per ingredient and. unless spedfied. a.. ^^^«V£^^«S^ ( 5T' ,0r - A " Va '° es are in 9™ s 
the specifications above with citric acid as a source ot 't^^T^L^ W6re P rocess «* according to 

let F lies within the scope of this invention and Sl^dl ' ^ Pri ° f t0 lab,ettin 9- ™" 



Table 3 



Component 


E 


F 




Layer 1 


Layer 1 


Layer 2 


Citrate 


7.0 


7.0 




Sokalan® CP 5 s 


0.7 


0.7 




Oisilicate 


3.8 


3.8 




Sokalan® PA 25 9 


0.35 


0.35 




Carbonate 


1.25 


1.25 




TAED 10 


0.60 


0.60 




Perborate Monohydrate 


2.25 


2.25 




Protease ' 1 


0.60 


0.60 




Amylase'^ 


0.35 


0.35 




Plurafac® LF 403 13 


0.20 


020 




Citric Acid 






4.0 


Wax 14 






2.0 



Polyacrylate ex BASF 

^N.N.N'.NMetraacetylethylene diamine 
1T Savinase® 6Tex Novo 
12 Termamyl® 60T ex Novo 
13 Surfaciant ex BASF 
14 Boler® 1397, m.pt. 42-46 ( te 
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The tablets were evaluated in the N55 cycle of a Bauknecht dishwashing machine. This machine was selected 
because it traditionally delivers high glass filming scores. The tablets were introduced into the machine via a basket 
hanging from the top rack. Glass tumblers were evaluated for filming using the visual scoring system where filming is 
rated from 0 (no film) to 5 (heavy film). The permanent wash water hardness was 300 ppm (4:1 calcium/magnesium 
expressed as calcium carbonate) and the temporary wash water hardness (bicarbonate) was 320 ppm. The glasses 
were washed up till 6 cycles. 

For Tablet E, the pH throughout the main wash was 9.8 to 9.9. For Tablet F, the pH of the wash water was 9.4 to 9.6 
after 5 minutes of the main wash and 8.4 to 8.5 after 10 minutes of the main wash. 
The results of the cleaning evaluation are summarized in Table 4. 



Table 4 



Filming on Glasses 


Tablet 


Run #2 


Run #4 


Run #6 


E 


2.0 


2.4 


3.0 


• F 


1.5 


2.2 


2.5 



Even under stressed conditions, the advantage of the technology of the current invention is seen. For Tablet E, 
which is outside the scope of this invention, there is no controlled release of acidity source. Thus, in Tablet E, the pH is 
maintained above pH 9.5 throughout the wash which is not beneficial for prevention of scaling. In Tablet F, which lies 
within the scope of this invention, controlled release of an acidity source allows for a high initial wash pH, which is tra- 
ditionally beneficial for bleaching and soil removal, and a controlled drop in wash pH for good glass appearance by vir- 
tue of reduced scaling. 

Claims 

1 . A detergent composition in a solid form and useful for machine dishwashing comprising 

a) a first layer comprising: 

~(i) an effective amount of an oxygen bleach system, 
(it) a buffering system 

(iii) from 5 wt % to 90 wt. % of a builder, and 

(iv) an effective amount of an enzyme, selected from the group consisting of a protease, an amylase and 
mixtures thereof, 

wherein the first layer dissolves to deliver a pH of 8.5 to 11 in the wash water; and 

b) a second layer comprising: 

(i) an effective amount of an acidity agent, and 

(ii) ari effective amount of a continuous medium which is a carrier for the acidity agent and has a melting 
point in the range of from 35°C to 50°C, 

wherein the second layer dissolves in the wash water to deliver a pH of from 6.5 to 9. 

2. The detergent composition according to claim 1 wherein the oxygen bleach system is selected from the group con- 
sisting of a peracid. a peracid precursor, hydrogen peroxide source, a diacyl peroxide, a bleach catalyst and mix- 
tures thereof. 

3. The detergent composition according to claim 2, wherein the peracid is selected from the group consisting of a per- 
oxybenzoic acid, ring substituted peroxy benzoic acid, aliphatic monoperoxy acid, substituted aliphatic monoperoxy 
acid and mixtures thereof 

4. The detergent composition according to claim 3, wherein the aliphatic peroxy benzoic acid is phthalimido peroxy 
hexanoic acid and o-carboxybenzamido peroxy hexanoic acid. 
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5. The detergent composition according to claim 1 . wherein the acidity agent is selected from th* nm 

monocarboxy ates dicarboxvlates oolvrarhnwiot^ k~ „ selected from the group consisting of 

7. The detergent composition according to claim 6, wherein the polyvinyl ether material has a formu.a: 

[CxH 2x O] y 

wherein x is an integer from 18 to 22 and y is an integer from 150 to 300. 
8 ' a Th s e uH d a e 2 n, C ° mPOSiti0n aCC ° rdin9 ,0 C ' aim 1 ' WhefSin the ^her comprises from 0.5 to 30% by wt. of 

9. The detergent composition according to claim 1 wherein the first lauor f. ^ 
compound selected from the group consisting of a TsiueUan an £££ ♦ P *" am ° U " t ° f a 

10. The detergent composition according to claim i . wherein the solid form is a tablet. 

^ 11 . The detergent composition according to claim 10. wherein the tablet has more than two layers 

30 13. A method for cleaning tableware in a machine dishwasher comprising the steps of 

a) dissolving a detergent composition in solid form in wash water, the composition comprising a first layer com- 

(i) an effective amount of an oxygen bleach system, 

(ii) a buffering system 

(iii) 5 wt. % to 90 wt. % of a builder, and 

Sxl^S V eor° Unt °' " fr0m thS 9TOUP ~~ ** of a P""~. an amylase and 

wherein the first layer dissolves to deliver a pH of 8.5 to 1 1 in the wash water; and 

b) a second layer comprising: 

(i) an effective amount of an acidity agent, and 

(ii) an effective amount of a continuous medium which is a carrier for the aciditv aaents and h« a 

point in the range of from 35°C to 50°C. ,er ror ™ aaaity agents and has a melting 

wherein the second layer dissolves in the wash water to deliver a pH of from 6.5 to 9; and 

c) applying the composition to tableware to substantially clean it. 
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16. The method according to claim 15, wherein the aliphatic peroxy benzoic acid is phthafimido peroxy hexanoic acid 
and o-carboxybenzamido peroxy hexanoic acid. 

17. The method according to claim 13, wherein the material is selected from the group consisting of a paraffin wax, a 
natural wax, a polyvinyl ether, fatty acids and mixtures thereof. 

18. The method according to claim 13. wherein the first layer further comprises from 0.5 to 30% by wt. of a surfactant. 

19. The method according to claim 13, wherein the first layer further comprises a compound selected from the group 
consisting of a sequestrant. an antiscalant, an antifoaming agent, binders, disintergrarrts, lubricants, an enzyme 
stabilizing agent, a soil suspending agent, an antiredeposition agent, an anticorrosion agent, a decor care 
enhancer, a colorant, a perfume and mixtures thereof. 

20. The method according to claim 13, wherein the solid detergent composition is a tablet. 
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